Most investigators (1, 3-5) agree that when the red cell mass is estimated from the plasma volume, as determined by T-1824 dye and peripheral venous hematocrit, the red cell mass is greater than that obtained by direct measurement with 32P and 51Cr. Conversely, when the total blood volume and plasma volume are calculated by red cell tagging, the result will be erroneously low. This discrepancy appears to be due to the fact that the peripheral venous hematocrit is not representative of the hematocrit throughout the body. Total blood volume is probably best determined by the addition of plasma and red cell volume directly and simultaneously estimated. Since the i n trod uction of radioisotopes into clinical medicin e, workers have been able to measure red cell mass and plasma volume separa tely.
The purpose of this paper is to report the values of plasma and red cell volumes estimated by direct and simultaneous method in a group of natives living at high altitude. syringe, 20 ml of blood were reinjected into the subject intravenously, which left approximately 10 ml of blood in the bottle. From this, 1 ml was diluted 1: 99 with distilled water immediately for calculation of radioactivity present in the injected blood. From another 2 ml of blood, a hematocrit determination was performed. The remainder of the blood was centrifuged and the radioactivity per milliliter of plasma determined.
The amount of injected activity bound to the red' cells was determined by subtracting the amount of activity in the plasma from total activity injected. The activity in the plasma was ascertained from the measured activity per milliliter of plasma and the hematocrit of the sample, which defined the number of milliliters of plasma injected.
One-half hour after the injection, a blood sample was withdrawn from the other arm. In this blood sample the hematocrit was determined and the radioactivity per milliliter of whole blood was counted; from the venous hematocrit the counts present per 1 ml of packed red cells were calculated.
By dividing the number of counts present in the injected red cells by the count present per milliliter of patient's packed red cells, assayed in the sample withdrawn 0.5 hr later, the red cell volume could be calculated.
The radioactivity of the blood specimen was measured in a welltype scintillation counter. Using the same needle and a well-calibrated syringe, 10 ml of sterile 0.1 % saline solution of Evans' blue dye were SANCHEZ, MERINO, AND FIGALLO bent position for a least 0.5 hr before the performance of the test.
Venous hematocrit determinations were carried out in Wintrobe tubes centrifuged at 2,500 X g for 30 min. In the high-altitude group the venous hematocri t was ten trifuged for 1 hr. This is a routine procedure carried out in our laboratory for many years. We believe that because of the increased viscosity of the blood at high altitude more accurate hematocrit readings are obtained when the blood is centrifuged for 1 hr. However, no great difference in red cell packing has been noticed with the different conditions of centrifugation (unpublished information). An International centrifuge, size 2, model V, was used. The hematocrit readings, excluding the buffy coat, were corrected for trapped plasma with the method described by Chaplin and Mollison (2). Blood samples for the determination of both plasma and red cell volumes were taken using a tourniquet for the shortest possible time and aspiration of carefully injected for the plasma volume estimation following the method described by Von Porat (15). Between 15 and 20 min after the injection of the Evans' blue dye solution, 10 or 15 ml of blood were collected from the opposite arm. This blood specimen was allowed to clot, then centrifuged, and serum was obtained without hemolysis. The dye concentration in the serum was measured with a previously calibrated Coleman Jr. spectrophotometer at 620 mh. The calibration was performed using dilutions of different concentrations of Evans' blue dye with serum. A blank was performed by diluting the same serum with saline. The individual's own serum before injection of Evans' blue dye was used as a blank. All of the dye solution used in this investigation was made from the same lot of Evans' blue dye. The plasma volume was calculated using the optical density at zero time extrapolated in millimetric paper from those obtained in the calibration curve. The red cell and plasma volumes were determined while the subject was under fasting conditions and in the recum- Figure 1 is a graphical representation of the mean total and fractionated blood volume changes seen in the highaltitude group compared with the values found in the sealevel group. The white areas express the plasma volume and the black areas the red cell volume. Table 3 shows the percentage change of the mean total blood volume, red cell mass, and plasma volume in the highaltitude group. As can be seen a + 14 % change in the total blood volume was detected and a +83 % change in the red cell volume. On the other hand, a -27 % change in plasma volume was recorded in this group. This polycythemia has been characterized as the result of increased erythropoietic activity as an adaptive mechanism to an evironment of low Pop, which by evidence accumulated during recent years exerts a stimulating effect on erythropoiesis indirectly through a plasma humoral factor, erythropoietin.
It is well known, also, that this polycythemia does not affect the white blood cells or the platelets, and when the natives come down to a sea-level environment it disappears.
DISCUSSION
Our findings confirm what has been known since the first estimation of the blood volume was done in natives living in the high altitude, namely, the development of a polycythemia of the absolute type. In other words, there is a definite increase in the blood volume, due entirely to a rise in the red An analysis of the behavior of the two compartments of the blood volume seems interesting. perhaps the main virtue of this paper, when the plasma volume is compared with the hematocrit a clear inverse correlation between these two parameters is noted (Fig. 2) In this regard polycythemia at high altitude resembles polycythemia seen in patients with congenital heart disease. Work done by Verel (14) in patients with congenital heart disease shows a remarkably consistent fall in plasma volume as hematocrit values rise, with values of plasma volume of about half the normal value or less when the hematocrit is around 80 %. Our work does not disclose the mechanism(s) by which the plasma shrinks; nevertheless, this decrease has to be within the physiological limits of viscosity that allow the blood to circulate through the blood vessels. 
